In view of extensive applications in the Indian Ayurvedic system of medicine and the increased demand for both as single ingredient and as a major component in multiherbal formulations of Boerhavia diffusa, a rapid, sensitive and reproducible high-performance thin-layer chromatography (HPTLC) method has been developed for its quantitative evaluation with respect to its major bio-active marker, eupalitin galactoside. For the separation of the marker compound, HPTLC silica gel F 254 pre-coated plates were used with n-butanol-acetic acid-water (8:1:1) as the mobile phase. The method was validated for limit of detection, limit of quantification, linearity, specificity, precession, and recovery. The results indicate that the bio-active marker was present in 0.075% in B. diffusa whole plant. Surprisingly, the marker compound could not be detected even in traces in two of the B. diffusa commercial formulations such as punarnava mandur and artin capsules, which contain more than ten herbal and herbo-mineral ingredients. This might be due to the loss of the marker compound during their manufacturing process or different plant parts used in the two test samples. The developed method can be used successfully for the quality control and quality assurance of B. diffusa formulations, where the whole plant is used.
Introduction
Boerhavia diffusa Linn. (Fam. Nyctaginaceae) is a perennial creeping weed found abundantly in India and other parts of the world [1] . It is popularly known as "Punarnava" in the Indian Ayurvedic system of medicine and classified as "Rasayana" herb, which is said to possess properties like helping anti-aging, re-establishing youth, strengthening life and brain power, and preventing diseases which imply that they increase the resistance of the body against immunomodulation [2] . It is also reported in traditional medicine for various ailments such as diuresis, edema, and ascites from early cirrhosis of the liver and chronic peritonitis, jaundice, anasarca, strangury, and gonorrhea. Its root is reportedly used as an analgesic, laxative, and anti-inflammatory agent. Its leaf juice is used in ophthalmia [3] . In Ayurvedic texts, more than 35 formulations of different types containing it as the major ingredient were recorded [4] . It was reported in the literature that the alcoholic extract of the whole plant showed potent hepatoprotective activity against experimentally induced carbon tetrachloride hepatotoxicity in rats and mice. The extract also showed strong choleritic activity [5, 6] . It was also reported that the alcoholic extract of the whole plant exhibited cardiotonic effect in perfused frog heart preparation and anaesthetized dog heart in situ [7] . B. diffusa plant reported to contain a large number of secondary metabolites such as flavonoids, alkaloids, steroids, and triterpenoids. The major metabolites identified in this plant are punarnavine, borhaavone, boeravinone (A-F), diffusarotenoid, quercetin, kaempferol, eupalitin-3-O-β-d-galactopyranoside, punarnavoside, boerhavine, liriodendrin, boerhavisterol, β-ecdysone, and boeradiffusene [8] [9] [10] . In spite of its excellent traditional medicinal uses, significant biological activities attributed to its various extracts and elaborating a large number of secondary metabolites, no rapid, reproducible, and efficacious quantitative method has been reported so far for B. diffusa plant. It is noteworthy to mention here that there are a few analytical methods reported for B. diffusa based on the markers boeravinones [11] and punarnavoside [12, 13] . However, these methods are valid only for the root part but not for the whole plant material, which is actually the official drug traditionally known as "punarnava". Critical analysis of the compounds isolated from B. diffusa and their biological activities reveals that eupalitin-3-O-β-d-galactopyranoside was found to exhibit similar immunomodulatory activity [14] as that of the plant. Furthermore, eupalitin-3-O-β-d-galactopyranoside was found to accumulate in significant levels in the whole plant of B. diffusa. Hence, it can be considered as the bio-active marker compound for the quantitative evaluation of B. diffusa and some of its commercial formulations. In connection with our several research programs on botanical and Ayurvedic drugs, we found that high-performance thin-layer chromatography (HPTLC) is a highly useful analytical tool for their quantitative evaluation [15, 16] . With this background, we have now developed an efficient HPTLC method for the quantitative evaluation of B. diffusa whole plant based on its major bio-active marker compound, eupalitin-3-O-β-d-galactopyranoside, and the results are presented herein.
Experimental

Plant Material
The whole plant material of B. diffusa was procured through IIIM (formerly RRL, Jammu, India) and its identity was further confirmed by taxonomists.
Chemicals, Solvents, and Commercial Formulations
For extraction and isolation of the marker compound, commercial grade solvents such as n-hexane, ethyl acetate, acetone, and methanol were used after drying and distillation following standard purification procedures. Silica gel G and silica gel (100-200 mesh) of ACME (Mumbai, India) grade were used for thin-layer chromatography (TLC) and column chromatography, respectively. Precoated HPTLC silica gel 60 F 254 (E. Merck, Darmstadt, Germany) alumina backed plates were used. Two commercial formulations of B. diffusa such as punarnava mandur and artrin capsules of M/s Baidyanath (Kolkata, India) and Imis Pharmaceutical (Vijayawada, India), respectively, were procured from the local market.
Extraction and Isolation of Marker, Eupalitin-3-O-β-d-Galactopyranoside
The powdered plant material (4 kg) was extracted with 50% aqueous ethanol in an aspirator at room temperature for 16 h. The process was repeated three times. The combined solubles on concentration under reduced pressure yielded a reddish brown extract (450 g, 11.25%). The extract showed positive tests for phenols, steroids, and glycosides. The extract showed well-resolved spots in two different solvent system, viz., n-butanol-acetic acid-water (8:1:1) and ethyl acetate-methanolwater (6:2:2), in thin-layer chromatography. In order to isolate the marker compound, the extract (80 g) was subjected to detailed column chromatographic separation over silica gel using chloroform-methanol mixtures as eluent. Based on the TLC nature of the column fractions, they were regrouped into four major fractions A-D. These fractions on repetitive column chromatographic purifications followed by recrystallization furnished a pale yellow amorphous powder (1.8 g, 0.25%), m.p. 179°C, R F : 0.6 (n-butanol-acetic acid-water 8:1:1). It gave positive tests for phenols and glycosides. IR (KBr, cm 
Extraction and Sample Preparation
The powdered material (1.00 g each) was extracted in Soxhlet extractor for 7 h in ethanol. These extracts were concentrated and further dried in a lyophiliser. An amount of 100 mg of each extract was dissolved in 10-mL volumetric flasks.
HPTLC Instrumentation and Chromatographic Conditions
HPTLC Instrumentation
Chromatographic estimation was performed by spotting standard and extracted samples of B. diffusa on pre-coated silica gel aluminum sheet plate 60 F 254 (20 cm × 10 cm with 250 mm thickness; E. Merck, Darmstadt, Germany) using a CAMAG Linomat V sample applicator (CAMAG, Muttenz, Switzerland) and a 100-mL syringe. The samples, in the form of bands of length 6 mm, were spotted (15 mL) 10 mm from the bottom, 35 mm from left margin of the plate, and 13 mm apart, at a constant application rate of 80 nL s −1 using nitrogen aspirator. The plates were developed using the mobile phase consisting of n-butanol-acetic acid-water (8:1:1, v/v). Linear ascending development was carried out in a 20 cm × 10 cm twin-trough glass chamber (CAMAG) equilibrated with the mobile phase. The optimized chamber saturation time for the mobile phase was 10 min at room temperature. The length of chromatogram run was 5 cm. Approximately an amount of 20 mL of the mobile phase (10 mL in the trough containing the plate and 10 mL in the other trough) was used for each development which required 15 min. It results in better apparent resolution with more convenient capability of the detecting device to perform integration of peak area. Subsequent to the development, the TLC plates were dried in a current of air with the help of an air-dryer for 5 min. The slit dimension settings of length 5.00 mm and width 0.45 mm and a scanning rate of 20 of mm s −1 were employed. The monochromator band width was set at 20 nm.
Densitometric scanning was performed on a CAMAG TLC Scanner III in the absorbance mode at 274 nm and operated by winCATS planar chromatography version 1.1.3.0 (CAMAG). The sources of radiation utilized were deuterium and tungsten lamp. The concentrations of the compound chromatographed were determined from the intensity of absorbance. Evaluation was via peak areas with linear regression.
Visualization
Visualization was done at 254 nm and also after derivatization with freshly prepared vanillin-H 2 SO 4 reagent (Figure 1). 
Calibration Curves of Standard
The calibration curves of the standard in ethanol-containing concentrations of 0.005 mg to 0.25 mg mL −1 were prepared from the stock solution of 1.0 mg mL −1 . An amount of 10 µL from each solution was spotted on the TLC plate to obtain a final concentration range of 0.05-2.5 µg spot −1 . The data of peak area versus sample concentration were treated by linear regression analysis (Figure 2 ).
Method Validation
The HPTLC method developed was validated for the following parameters.
Limits of Detection and Quantitation
The limit of detection (LOD) and limit of quantitation (LOQ) were calculated for the marker compound on the basis of three and ten times the noise level, respectively. LOD was determined as 3 times the average noise value of blank ethanol applied (10 µL, 5 times). Thus, LOD was calculated as 1.38 ng and LOQ was calculated as 4.18 ng.
Specificity
The specificity of the method was ascertained by analyzing standard and test samples. The band for the marker compound in the test samples was confirmed by comparing the R F and the spectra of the spot with those of the standard (Figure 3) . The peak purity of the marker compound was assessed by comparing the spectra at peak start, peak apex, and peak end of the band, respectively. Representative overlaid spectra of the standard and B. diffusa extracts are shown in Figure 4. 
Precision
The repeatability of the measurement (n = 6) of the peak area for the compounds was expressed in terms of percent coefficient of variation (%RSD). The intra-and inter-day variation study in the analysis was carried out at three different concentration levels.
Recovery
Accuracy was assessed with the method of standard additions at three concentration levels. Accuracy was assessed by comparing the results with the analysis of the standard reference material over the range of 80%-120% of the amount corresponding to the midpoint of the curve.
Results and Discussions
The whole plant material of B. diffusa was exhaustively extracted with 50% aqueous ethanol, and the resultant extract on extensive Si gel chromatographic purifications resulted in the isolation of the bio-active marker compound as pale yellow amorphous powder. Figure 1 ). This compound was taken as the marker compound and it was quantitatively evaluated from B. diffusa whole plant along with two of its commercial samples such as punarnava mandur (Baidyanath) and artrin capsules (Imis Pharma) using HPTLC.
Method Validation
Sensitivity
The sensitivity of the method was determined with respect to LOD, LOQ, linearity range, and correlation coefficient. Solutions containing 0.05-2.5 µg of standard were spotted on TLC plates. LOD was calculated as 1.38 ng (3 times the noise level), and LOQ was calculated as 4.18 ng (10 times the noise level).
The regression data for the four samples are given in the Table 1 , which shows good linear relationship in the range studied. 
Recovery Study
The recovery of the standard was calculated by spiking 1.0 mg to the formulation, punarnava mandur (1.00 g), and extracted in ethanol and analyzed three times as described in Section 2.4. The recovery was calculated by comparing the resultant peak areas with those of the standard (Table 2) . UV spectra (A) and 3D overlaid spectra (B) of the standard and B. diffusa samples.
Precision and Accuracy
Different amounts of punarnava mandur (spiked) samples were spotted on TLC plate. These spots were analyzed by using the above described HPTLC method (Table 3) . Precision was expressed as the percent relative standard deviation (%RSD). Table 3 Results of precision and accuracy. 
Reproducibility
The repeatability was evaluated by analyzing the known amounts of punarnava mandur (spiked) samples spotted on TLC plate in replicates (n = 5). The inter-day and intra-day precisions were evaluated by analyzing the same amount of analyte over a period of 3 days (n = 5) and expressed in terms of %RSD. 
Sample Analysis
The validated HPTLC method was applied for quantitative determination of the marker, eupalitin-3-O-β-d-galactopyranoside, in B. diffusa whole plant sample and two of its commercial formulations such as punarnava mandur and artrin capsules, and the results are presented in Table 5 . The marker compound was found to accumulate in 0.075% in the B. diffusa whole plant sample. Surprisingly, it was found absent in both commercial samples. In order to rationalize these observations, the composition of the two commercial samples were closely observed. Both the commercial samples were found to contain about ten herbal or herbomineral ingredients. Furthermore, it was observed that in both of the commercial formulations, it is the root part of B. diffusa that was used. Hence, the marker compound in these two formulations might be lost during their manufacturing process or due to different plant parts used. However, the marker compound could be detected accurately in the whole plant samples. The developed method can be used successfully for the quality control and quality assurance of B. diffusa formulations where the whole plant is used. 
Conclusion
In the present study, eupalitin-3-O-β-d-galactopyranoside, the bioactive marker of B. diffusa was isolated and quantitatively estimated in the whole plant material and two of its commercial formulations by employing the validated HPTLC method. The method is rapid and reproducible. The marker compound was found to be present in 0.075% of the whole plant of B. diffusa. The developed method can be successfully employed for the quality control and quality assurance of B. diffusa formulations where the whole plant part is used.
